Solvent extraction method is one of the methods to reduce ash content in coal to improve the energy efficiency and reduce negative environmental impacts. The use of 1-methyl naphthalene (1-MN) as a solvent in the weight ratio of coal to solvent of 1: 3, 1: 6 and 1: 9 using three coal samples obtained from a coal washing plant, namely ROM (run of mine), DC (dirty coal) and RC (reject coal) was performed. Results show that the ash content of the extracted coals no or significantly low amount (<0.3%) ash contents. The highest extraction yield was obtained at 15.38 % (daf) at DC coal sample and coal to solvent ratio of 1:9, while the lowest at 3.09 % (daf) at ROM coal sample and coal to solvent ratio of 1:3. In addition, the extraction process with a solution of 1-MN also able to reduce moisture content of the coals, as a result the calorific value of the coals were significantly increased. 
INTRODUCTION
The Indonesian Government has set an ambitious target to add approximately 35,000MW installed power generation within a period of 5 years (2014) (2015) (2016) (2017) (2018) (2019) . With a projected economic growth of 6-7 percent a year, additional electricity capacity in this country needs at least 7,000 MW per year. Approximately about 25,000 MW of the project will use coal as fuel. This project has been confirmed in the document of the National Medium Term Development Plan (Anonymous, 2014) .
Coal was selected as a source of electricity due to the price of coal is cheaper than diesel.
However, there are some consequences of the use of coal, specifically the environmental problem of pollution and emissions. The main problem associated with the environment in the coal is ashes. Coal ash is the waste that is left after coal is burned in coal-fired power plants. It includes fly ash, bottom ash, boiler slag, flue gas desulfurization residue and other solid fine particles which possess major environmental problems. Depending on where the coal was mined, coal ash typically contains heavy metals including arsenic, lead, mercury, cadmium, chromium and selenium, as well as aluminum, antimony, barium, beryllium, boron, chlorine, cobalt, manganese, molybdenum, nickel, thallium, vanadium, and zinc. Arsenic is one of the most common, and most dangerous (Pandey et al., 2011) . Most of Indonesia's coal resources, the ash content is low (generally < 10%). However, in some areas the ash content in coal is relatively high so it needs to be washed. In addition, during the process of mining, a portion of the roof and floor material may be taken along with the coal seam in order to create adequate working height for the equipment and miners. The position of the coal at the roof or bottom layer usually has high ash content due to contamination of overburden (Ghasemi et al., 2014) .
It is also necessary to remove the ash from coal to be combusted directly in the new generation integrated gas combined cycle (IGCC) gas turbines to overcome issues like erosion and corrosion of turbine blade and fouling due to coal ash deposition. Thus, it is advantageous to upgrade coals in terms of ash and moisture contents. A new costeffective and efficient process is therefore essential to remove the ash and upgrade the low-rank lignite and sub-bituminous coals. One such technology could be the production of ash-free coal (AFC). It could be a preferred feed for some applications, such as direct combustion in the gas turbines (Okuyama, et al., 2004) . Utilization of AFC directly in a gas turbine as fuel can generate a power system of higher thermal efficiency without damaging the turbine blades (Wijaya and Zhang, 2011) .
From those point of views, the ash content in coal should be minimized. The reduction/ removal of ash content has been implemented in coal washers in Indonesia as pre-combustion clean coal technology. The choice of process depends on factors such as the type of coal being treated, the market requirement and the economics. The washed coal is expected to have a low ash content. If the raw coal has high ash content, thereof the yield is low. In the coal washing plant, approximately 30% of which is reject coal, because of the very high ash content. Consequently, the reject coal would be excessive. The disposal of this huge quantity of rejects in an environment friendly manner poses a real problem.
The reject coal that has high contain of ash, could be further processed through ash removal using solvent. There are two main types of chemical treatment of coals to produce clean coal. The first one, aiming to produce the upgraded coal using strong acids or alkalis to dissolve all the minerals leaving the organic coal matrix under hydrothermal conditions is termed as ultra clean coal (UCC).The second process uses organic solvents to dissolve organic matter and precipitating back the ash free coal known as hyper-coal (Okuyama, et al, 2004 ) is termed here as ash free coal (AFC). However, the coal from the UCC process may contain around 0.5% ash and cannot be directly fired in the gas turbines. Another possible concern could be associated with the corrosiveness and biodegradability of strong acids and alkali reagents used and consequently disposal of the waste solution.
This research was aimed to get the processing condition of ash removal using coals from a coal washing plant in East Kalimantan. According to the previous research (Umar, et al, 2015) , to remove the ash content in coal through organic solvent extraction, among the organic solvents of metoxcy etoxcy acetic acid (MEAA), 1-methyl naphthalene (1-MN) and 1-methyl 2-pyrolidinon (MP) that have been tested, 1-MN is the best solvent that produces coal with the lowest ash content.
1-MN is a naphthalene-related compound that is also called alpha methyl-naphthalene. It is a clear liquid with the formula of C 11 H 10 (Hardacre et al, 2010) . A naphthalene molecule can be viewed as the fusion of a pair of benzene rings ( Figure 1 ). It is classified as a benzenoid polycyclic aromatic hydrocarbon (PAH) with a density of 1g/cm benzonitrile, nitrobenzene and durene. As a non-polar, 1-MN can solve the polar such ash mineral matter in coal.
Solvent extraction of coal using 1-MN can produce AFC that has significantly much lower ash content than that of the raw coal (Lee, 2012) . However, there are some limitations of AFC preparation process, such as low product yield and use of residual coal discharged.
Figure 1. 1-MN chemical structure
From the foregoing discussion, it is found that most of the works on thermal extraction of coal to produce AFC, have been performed using bituminous and sub-bituminous coals from the Australian, Indonesian, South African and American origins (Rahman, et al., 2013 , Shui et al, 2013 . However, in spite of abundant availability of reject coal from a washing plant, there was no study available in literature for preparation of AFC using industrial solvents, such as heavy aromatic hydrocarbons and hydro treated heavy aromatic hydrocarbons. Therefore, the reject coal also be used as coal itself. Therefore, one of the objectives of this study is to investigate the effect of 1-MN in various concentration through coal to solvent ratio on the extraction yield of extracted coals.
METHODOLOGY
The raw coal samples were obtained from mining and coal washing plant (CWP) in East Kalimantan. There were run of mine (ROM), dirty coal (DC) and reject coal (RC). To support this research, analysis of inherent moisture, ash, volatile matter, fixed carbon, and calorific value were conducted to the both of coal samples. The result of analyses is given in Table 1. As explained above, during the process of mining, a portion of the roof and floor material may be taken along with the coal seam, the ROM coal that comes directly from a mine has relatively high ash content of 27.07% (Table 1 ). The buyer, on the other hand, may demand certain specifications depending on the intended use of the coal. DC is coal taken from CWP shortly before washing (feed of CWP). This coal has lower ash content compared to the ROM i.e. 25.47%. The lower ash content might be caused by the pre-separation of impurities before going into a washing machine. The RC is the waste from CWP, including substances such as coal fines, soil, sand, and rock. So that the coal has a very high ash content of 54.66%. This coal is usually discarded and disposed.
Their moisture content is as low as 4.42, 4.89 and 3.05% respectively of ROM, DC and RC. Despite of low inherent moisture content, the calorific value of the coals are relatively low due to the high of ash content. The calorific value of the RC only 2.843 cal/g. The coal samples was ground into fine particles of less than 75µm in diameter before being served to the solvent treatment through these steps: -Coal was dried at 40°C in an oven; -Dried coal crushed using hammer mill to be 2.3 mm in diameter size. -Crushed coal ground using rock lab and sieved using 200 mesh sieving to get coal with diameter size of 75µm. A stainless steel vibrating autoclave with a capacity of 500 mL was used for this experiment (Figure 2) . Coal was charged into the autoclave together with 1-MN solvent. The ratios between coal and solvent were 1:3; 1:6 and 1:9 wt. %. After sufficiently purging the autoclave with nitrogen, the coal in the autoclave was heated up to 300°C at which it was kept for 1 hour under sufficient agitation (Umar, et al., 2014) . Then the coal was separated into residue, filtrate and gaseous product consisting of CO 2 , H 2 O and a negligible amount of hydrocarbon gases (Fujitsuka, et al., 2013) at the treatment temperature by opening the valve connecting the autoclave and the reservoir by filtration at room temperature (Figure 3) . The filtrate was further heated in a vacuum oven to separate extracted coal and solvent fraction. The solvent can be used for the next process. Residues and extracted coals then were dried, weighed and analysed to proximate and calorific value analysis. The extraction yield was calculated based on dry ash-free basis (daf) from the weight of dry extracted coal produced using the following Equation (Rahman, et al., 2013) .
Extraction yield (wt%, daf) = Weight of dry extracted coal Weight of feed coal (daf) x100%
RESULTS AND DISCUSSION
The extracted coals and residues were characterized to understand the thermochemical changes occurring before and after the solvent extraction using 1-MN. The result of proximate analysis and calorific value of both can be seen in Table 2 and 3 respectively.
The extracted coals show no or significantly low amount (<0.3%) ash contents (Table 2) . This is possibly due to the ability of polar components present in the coal being dissolved in non-polar solvent of 1-MN. Okuyama, et al., 2004 reported that 1-MN is an effective recoverable solvent for coal extraction under mild conditions at 202 °C and atmospheric pressure. The more the addition of 1-MN is not correlated with the decreasing of coal content (Figure 4 ). Figure 4 shows that coal to solvent ratio of DC and RC coal samples is not significantly affected on ash content. Nonetheless of ROM. The more the amount of solvent the less the ash content. The DC coal sample with the ratio of coal to solvent of 1:6 has the highest ash content of 0.2, while the lowest ash content reached by DC and RC coal samples with the ratio of coal of 1:3 and 1:9 respectively. In fact, the ratio of coal to solvent is not affected the ash content of the coal samples, where the ash content for all of the coal samples are very low. So that the difference can be ignored. According to Siefert and Litster, 2013 , the ash content of < 0.3% can be directly fired in the gas turbines of the IGCC.
The use of 1-MN also decreased the inherent moisture content in the extracted coals. As a result the calorific value also increased significantly. The decreasing of inherent moisture is parallel with the coal to solvent ration. The more the 1-MN, the high the moisture content ( Figure 5 ). This occurence could be caused by more and more the water (as a part of the 1-MN) is remained in the extracted coal. Different with moisture content, the calorific value of the extracted coal are not directly correlated in line with the coal to solvent ratio ( Figure 6 ). The calorific value of the ROM and DC extracted coals decreased due to the increasing of coal to solvent ratio, in line with the increasing of inherent moisture. While the RC extracted coal, the calorific value of the extracted coal in the ratio of 1:6 is the lowest parallel with the highest ash content of the coal.
In the residue fraction, the ash content of ROM and RC increased while the ash content of DC decreased (Table 3 ). The increasing of the ash content indicating the possible enrichment of heavy aromatic hydrocarbon components in those residue coals. The increasing of moisture content indicating the enrichment of the hydrogen in the hydrocarbon components. Consequently the calorific value of the residues are higher compared with the corresponding raw coals. As can be seen in Table 4 above, the extraction yield relatively low between 3.09 and 15.38 % daf. However, the rate of the extraction yield increases rapidly with the increase of coal to solvent ratio (Figure 7) . This is possibly due to the enhanced coal and solvent interaction and consequently, higher solvent induced thermal relaxation of coal molecules is occurring and releasing mainly small molecules and free radicals from the cross-linking coal structure to the solvent (Sonmez and Giray, 2011) . .1:9 Calorific value, cal/g Figure 7 . Effect of coal to solvent ratio on the extraction yield using 1-MN The highest extraction yield was obtained at 15.38 % (daf) at DC coal sample and coal to solvent ratio of 1:9. Rahman, et al., 2011 , reported the extraction yield by using Canadian coal and 1-MN as solvent was 2.6% at temperature of 200°C (473 K) and 31.3 % at temperature of 300°C (673 K). Okuyama et al., 2004 investigated 20 different coals of Chinese origin mainly bituminous and extracted with 1-MN. The extraction yields were within the range 30-70% at 633 K and these yields were largely dependent on the coal characteristics. They found that the extraction yield of brown coals is less than 30% (daf) and Algerian subbituminous coal was maximum 47% at 300°C. The low extraction yield, one possible reason could be the loss of significant amount of gaseous products from high oxygen containing reactive coals during high temperature soaking period in the reactor. Besides, the extracted coal liquid may have some soluble components that may dissolve in solvent and does not tend to precipitate upon dilution. It is also possible that low molecular weight volatile components present in the extracted coal liquid may be lost due to natural evaporation. Consequently, it produces less extracted coal yields. The new study of Okuyama, et al., 2014 , heating rate affected on the coal extraction yield and the property of the extraction products. The rapid heating, higher than 1000°C/min of heating rate, improved coal extraction yield compare to the conventional heating, lower than 100°C/min. This effect appeared with the coal which had lower extraction yield by the conventional heating.
The extraction yields of RC extracted coal are the lowest compare with that of the extracted coals of ROM and DC at a same treatment condition (Figure 8) , except for the RC at the ratio of coal to solvent 1:3, the extraction yield of the RC is slightly higher than that of the ROM coal. It could be understood, because the RC raw coal has a very high ash content, and mostly inherent impurities that consisting of organic constituents that previously formed part of the tissues of the plants from which the coal was derived. Most impurities is chemically or colloidally combined with coal substance (Li et al., 2014) .
.1:3 .1:6 .1:9 Extraction yield, % daf Figure 8 . Effect of coal sample type on the exraction yield using 1-MN Low extraction yield, remained high residues. Rom and DC residues which have ash content of about 28 wt% and 21 wt % respectively (Table 3) . But, since the residual coal with high ash content contains low moisture (less than 10%) and it has high calorific value of more than 5,600 cal/g, the residues can be utilized effectively for power generation or steam generation using fluidized bed combustors. The residue coals also have high reactivity and can be used as reducing agent in the synthetic rutile production from ilmenite resources (Komatsu, et al., 2009) . Beside that, the residues could be returned to the coal mining in a lower price and/or recycled again to the coal washing plant. There is a lot of example that coal washed residue is sold about half of the price (Okuyama, et al, 2004) .
CONCLUSIONS
Solvent extraction of three coal samples obtained from a coal washing plant, namely ROM (run of mine), DC (dirty coal) and RC (reject coal) was performed using 1-Methyl Naphtalene (1-MN). The effect of coal to solvent ratio on preparing extracted coals was examined. The following conclusions were obtained: -The ash content of the extracted coals shows no or significantly low amount (<0.3%) ash contents. This is possibly due to the ability of polar components present in the coal being dissolved in non-polar solvent of 1-MN.
-The highest extraction yield was obtained at 15.38 % (daf) at DC coal sample and coal to solvent ratio of 1:9, while the lowest at 3.09 % (daf) at ROM coal sample and coal to solvent ratio of 1:3 -The low extraction yield, one possible reason could be the loss of significant amount of gaseous products from high oxygen containing reactive coals during high temperature soaking period in the reactor. While the extraction yield increases with increasing coal to solvent ratio. -The extraction process by using 1-MN also able to reduce moisture content and the calorific value of the coals were significantly increased. -The residue will be returned to the coal mining and/or recycled again to the coal washing plant. The calorific value of more than 5,600 cal/g is acceptable to be utilized as the fuel for power plant
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